Chimpanzee populations are diminishing as a consequence of human activities, and as a result this species is now endangered. In the context of conservation programmes, genetic data can add vital information, for instance on the genetic diversity and structure of threatened populations. Single nucleotide polymorphisms (SNP) are biallelic markers that are widely used in human molecular studies and can be implemented in efficient microarray systems. This technology offers the potential of robust, multiplexed SNP genotyping at low reagent cost in other organisms than humans, but it is not commonly used yet in wild population studies. Here, we describe the characterization of new SNPs in Y-chromosomal intronic regions in chimpanzees and also identify SNPs from mitochondrial genes, with the aim of developing a microarray system that permits the simultaneous study of both paternal and maternal lineages. Our system consists of 42 SNPs for the Y chromosome and 45 SNPs for the mitochondrial genome. We demonstrate the applicability of this microarray in a captive population where genotypes accurately reflected its large pedigree. Two wild-living populations were also analysed and the results show that the microarray will be a useful tool alongside microsatellite markers, since it supplies complementary information about population structure and ecology. SNP genotyping using microarray technology, therefore, is a promising approach and may become an essential tool in conservation genetics to help in the management and study of captive and wild-living populations. Moreover, microarrays that combine SNPs from different genomic regions could replace microsatellite typing in the future.
Chimpanzee (Pan troglodytes) is a species that, as many other primates, requires ever-increasing conservation measures, since wild-living populations are diminishing as a consequence of human activities (Walsh et al. 2003) . Logging and fragmentation are altering and reducing chimpanzees' habitat; bushmeat trade and trade of infants to be used as pets lead to chimpanzee poaching; and human diseases contaminate chimpanzee populations. Conservation programmes are therefore needed to protect this species and other great apes, as recently recognized by the United Nations Environment Programme (UNEP), through its Great Ape Survival Project (GRASP: www.unep.org/grasp/). Genetic analyses in the chimpanzee are an invaluable support in conservation programmes as they allow detection of variation of wild or captive populations and identification of individuals by genetic tests, which is basic, for example, in breeding management, translocation programmes, or subspecies recognition (Goossens et al. 2002; Goossens et al. 2005) . In addition, the chimpanzee is the closest living relative to the human species, and therefore of special interests for understanding human evolution, biology and genetics: as a result its preliminary genome was recently published (Mikkelsen et al. 2005) .
Single nucleotide polymorphisms (SNP) are ideal as genetic markers owing to their abundance and random genomic distribution, low mutation rate and the possibility of incorporating them into robust genotyping assays with high multiplexing levels (for a review, see Syvanen 2001). Consequently, SNPs have now become the most widely used markers in human disease genetic and population genetic studies (see, e.g. Nielsen 2004; Suh & Vijg 2005) . SNPs have the potential to become the markers of choice also for studies of evolution, population ecology and conservation of wildlife species (for a review, see Morin et al. 2004) , and indeed in the recent past, more SNP-based population studies in a variety of nonmodel organisms are appearing in the literature (e.g. Smith et al. 2005; Gilchrist et al. 2006) .
However, so far, genetic studies of the chimpanzee have been based on sequence analysis of the hypervariable region of mitochondrial DNA (mtDNA) (e.g. Deinard & Kidd 1999; Yu et al. 2003) , and on genotyping nuclear short tandem repeat markers amplified using primers from human sequences (e.g. Goossens et al. 2002; Gusmao et al. 2002) . Only a few studies of limited scale have applied genotyping of Y-chromosomal and autosomal SNPs in chimpanzees to date (Stone et al. 2002; Smith et al. 2004) . One reason for this was probably that the scarce availability of genomic sequence information from the chimpanzee until recently hampered the development of assays for identification and genotyping of large numbers of SNPs (Hellborg & Ellegren 2003; Aitken et al. 2004) .
The availability of the genome sequence of the chimpanzee (Hughes et al. 2005) , and the increasing amount of information on genetic variation in the chimpanzee following the completion of the chimpanzee genome project (Fischer et al. 2006; Kuroki et al. 2006) will change this situation in the near future. The potential rapid increase in data on chimpanzee SNPs in turn emphasizes the need for robust, multiplexed assays for chimpanzee SNPs for targeted applications in population ecology and conservation programmes . During the past years, commercial microarray systems for SNP genotyping with extremely high multiplexing levels have been developed for humans and model organisms (Syvanen 2005) . Microarray technology offers the potential of robust, multiplexed SNP genotyping at low reagent cost also in nonmodel organisms.
In this study, we established a multiplexed genotyping system for 45 SNPs in the coding region of the chimpanzee mtDNA and for 42 SNPs in the male-specific region of the Y chromosome (MSY). As neither mtDNA nor MSY recombine and both are inherited uniparentally, our genotyping system allows separate determination of both the maternal and paternal lineages in chimpanzee populations based on mitochondrial and Y-chromosomal haplotypes. The genotyping system is based on fluorescent minisequencing primer extension using 'tagged' primers and fluorescent nucleotides followed by capture of the reaction products on microarrays carrying complementary tag sequences (Lindroos et al. 2002; Lovmar et al. 2003) . Here, we demonstrate the feasibility of the system by genotyping Y-chromosomal and mitochondrial SNPs in a large pedigree from a captive chimpanzee population and from individuals from two re-introduced wild-living chimpanzee populations from sub-Saharan Africa.
Materials and methods

Samples and DNA extraction
Tissue samples from 61 captive, unrelated male chimpanzees were obtained from 10 zoos or research institutions (Table S1 , Supplementary material) for the discovery of Y-chromosomal SNPs. DNA from these individuals was extracted from 100 μL of blood taken during routine veterinary analysis, from 25 mg of tissue from carcasses, or from 10 rooted hairs, using the DNeasy Tissue Kit (QIAGEN). In some cases, purified DNA was acquired from a primate centre. To avoid exhaustion of the DNA, the samples were subjected to whole genome amplification using the GenomiPhi DNA Amplification Kit (GE Healthcare) as previously described (Rönn et al. 2006) . In order to test the applicability of the microarray system, DNA samples from peripheral blood lymphocytes or immortalized B cells from members of a chimpanzee pedigree with two sires, four dams and 12 offspring were provided by the Biomedical Primate Research Centre. Another set of 59 chimpanzee samples from re-introduced wild-living populations were also analysed. These chimpanzees were part of a release project of illegally poached animals, seized by the authorities of the Republic of Congo, originating from the regions of Cabinda (Angola), Kouilou and L'Ekoumou and Niari as described in detail by Goossens et al. (2002) . From these samples, DNA was extracted from plucked hairs by buffer extraction as described by Vigilant (1999) , or by the Chelex-100 extraction method (Walsh et al. 1991) . In addition, DNA from one female chimpanzee and one human male were used as control samples.
Identification of Y-chromosomal SNPs
Fifteen primer pairs for amplification of introns of the jumonji, AT-rich interactive domain 1D (JARID1D) gene and 22 primer pairs for amplification of introns of the Ylinked protein kinase (PRKY) gene were designed based on chimpanzee and human sequences for analysis by denaturing high performance liquid chromatography (DHPLC). The primer sequences and polymerase chain reaction (PCR) fragment sizes are given in Table S2 , Supplementary material. The fragments amplified by these primers cover a total of 7947 nonoverlapping intronic sequences in the JARID1D and PRKY genes. To ensure specific Ychromosomal amplification, the primers were positioned so that the two last nucleotides of the 3′-end of at least one primer of each pair differed from the paralogous X-chromosomal sequence. Two microlitres of a 1:50 dilution of the whole genome amplified material from 61 captive chimpanzees, with an approximate concentration of 25-50 ng/mL, was used for PCR amplification. The PCR mixtures contained 0.17 μm primers, 0.32 mm dNTPs, 1.5 mm MgCl 2 , and 0.85 U of Taq DNA polymerase (Ecogene) in 15 μL of buffer. A touchdown PCR programme described by (Hellborg & Ellegren 2003 ) with a 0.5°C incremental decrease in elongation temperature from 65 to 55°C during 20 cycles, followed by 20 cycles at 55°C, was used for all primer pairs except for one pair (SMCY14), for which the initial elongation temperature was 68°C and the final temperature after 20 cycles was 58°C.
The optimal temperature for DHPLC was selected for each PCR fragment using the DHPLC Melt Program from Stanford Genome Technology Center (http:/ /insertion.stanford.edu/melt.html) (Oefner & Underhill 1998) , and was verified experimentally. For each fragment, PCR products from three to six samples were pooled for analysis by DHPLC. An equal amount of PCR product was included in the pools according to visual determination of the DNA concentration of the fragments after separation by agarose gel electrophoresis. DHPLC was run for the fragment pools at the optimal temperature (Table S2) on a Wave DNA Fragment Analysis 3500 System (Transgenomic). SNPs were identified in a fragment when the elution profile from a pooled sample showed two or more peaks. Fragments containing putative SNPs were then amplified by PCR from 5 ng of the corresponding original genomic DNA sample at the conditions given above, and the PCR products were purified using a GFX PCR DNA and Gel Band Purification Kit (Amersham Biosciences UK Limited). Both DNA strands of each fragment were sequenced in a final volume of 10 μL with 10 ng of the purified DNA, 1.6 μm of forward or reverse primer and 2 μL of the reagent mixture from the ABI PRISM BigDye Terminator Cycle Sequencing 3.1 kit, followed by electrophoresis on an ABI PRISM 3100 automated DNA sequencer (Applied Biosystems).
Identification of mitochondrial SNPs
A GenBank search of chimpanzee mtDNA sequences was performed to allow identification of SNPs in the 12S rRNA (MT-RNR1), 16S rRNA (MT-RNR2), NADH dehydrogenase 2 (MT-ND2), cytochrome c oxidase I (MT-CO1), cytochrome c oxidase II (MT-CO2), NADH dehydrogenase 5 (MT-ND5) and cytochrome b (MT-CYB) genes. The sequences were analysed using bioedit version 6.0.7 (Hall 1999) , and multiple alignments were performed using clustal w ( Thompson et al. 1994) .
Genotyping Y-chromosomal and mitochondrial SNPs
Primers for multiplexed PCR were designed using the autoprimer software (Beckman Coulter Inc.) based on the chimpanzee sequence assembly available at Ensembl in March 2006 (release PanTro 1.0; www.ensembl.org). To ensure specificity for the Y chromosome, the sequences of the Y-chromosomal fragments were aligned to their X-chromosomal paralogues. A 25-plex amplification reaction for the fragments containing 45 mitochondrial SNPs and a separate 17-plex amplification reaction for the fragments containing 42 Y-chromosomal SNPs were designed. Primers for single base extension ('minisequencing') were designed using the netprimer software (www.premierbiosoft. com/netprimer/) based on the chimpanzee sequence assembly. Minisequencing primers were designed to anneal immediately adjacent to the nucleotide position to be detected. The 5′-end of each minisequencing primer contained a unique 20-bp tag sequence from the Affymetrix GeneChip Tag collection (Affymetrix) (Fan et al. 2000) . Oligonucleotides complementary to the tag sequences were immobilized covalently on CodeLink Activated Slides (GE Healthcare) in an 'array-of-arrays' conformation (Pastinen et al. 2000) as described in Lovmar et al. (2003) . This conformation allows detection of all the 87 SNPs originally included in the study in 80 samples simultaneously on each slide. Oligonucleotides were synthesized by Integrated DNA Technologies. The sequences of the PCR and minisequencing primers are provided in Table S3 , Supplementary material.
The multiplex PCRs for Y-chromosomal and mitochondrial SNPs were performed in 15-μL reaction mixtures containing 2-4 μL of DNA extract, 50 nm primers, 100 μm dNTPs, 1.5 U of Smart Taq Thermostable DNA Polymerase (Naxo), 10 mm Tris-HCl, 50 mm KCl, 0.8% Nonidet 40, 5 mm MgCl 2 , and 7.5 μg bovine serum albumin. Individual PCRs were performed with all primer pairs for the Y-chromosomal fragments using female chimpanzee DNA to verify absence of X-chromosomal amplification. To remove remaining dNTPs and primers, 7-μL aliquots of the PCR products were treated with 0.1 U/μL shrimp alkaline phosphatase (USB Corporation) and 0.5 U/μL exonuclease I (Fermentas International) in 10.5 μL of 6.7 mm MgCl 2 , 50 mm Tris-HCl pH 9.5 for 60 min at 37°C with subsequent deactivation of the enzymes at 95°C for 15 min. Cyclic minisequencing reactions were performed with 0.1 μm ddATP-Texas Red, ddCTP-Tamra and ddGTP-R110, 0.15 μm of ddUTP-Cy5 (PerkinElmer Life Sciences), 10 nm of each minisequencing primer, and 0.067 U/μL KlenThermase DNA Polymerase (GeneCraft GmbH) in 15 μL of buffer containing 0.02% Triton X100. The cyclic extension reaction was performed in a Thermal Cycler PTC-225 (MJ Research) with initial denaturation at 96°C for 3 min followed by 55 cycles at 95°C and 55°C for 30 s each. Separate minisequencing reactions were performed using the multiplex PCR product from the Y chromosome and the mtDNA as template, and the reaction products from the same DNA sample were pooled before hybridization to the tag sequences on the microarray. The slides were scanned using the ScanArray Express instrument (PerkinElmer Life Science), the fluorescence signal intensities were determined using the quantarray analysis 3.1 software (PerkinElmer Life Sciences), and the genotypes were called using scatter plots of the fluorescent signals. SNPs that gave successful genotype calls in > 90% of the samples were accepted for further data analysis.
Sequencing of the mitochondrial D-loop
In samples from the wild-living chimpanzee population, 498 bp of the mitochondrial D-loop control region were also sequenced to analyse polymorphisms using primers described by Lacoste et al. (2001) . The PCR mixtures were the same as those for the amplification of Y-chromosomal fragments, and the PCR conditions consisted of an initial cycle at 94°C for 5 min followed by 30 cycles of 30 s each at 94, 55 and 72°C, and a final extension at 72°C for 5 min.
Statistical analysis
The D-loop sequences were aligned using clustal w ( Thompson et al. 1994) . For SNP and sequence data, number of haplotypes, gene diversity (i.e. heterozygosity h = 1 − Σp i 2 , Nei 1987 ) and nucleotide diversity π (average number of nucleotide differences per site between any two DNA sequences chosen randomly from the sample population) were calculated using arlequin version 2.000 (Schneider et al. 2000) . Population structure was estimated by analysis of molecular variance (amova) and by pairwise F ST (Reynolds et al. 1983; Slatkin 1995) , using arlequin. The significance of the F ST was tested using permutations. A mismatch analysis was conducted on the whole chimpanzee sample to test for the sudden expansion model (Harpending 1994; Rogers 1995) . The validity of the estimated parameters (θ 0 and θ 1 , the scaled mutation parameter before and after the expansion, and the expansion parameter τ) for the sudden expansion demographic model was tested using a bootstrap approach on the sum of squared deviations (SSD) between simulated and observed data, and by calculating the raggedness index. Tajima's D (Tajima 1989) and Fu's F S (Fu 1997) were computed to test for neutrality, although they provide complementary tests for demographic inferences when applied to neutral markers. Significance was determined using permutation tests implemented in arlequin.
Results
Y-chromosomal and mitochondrial SNPs
To establish a genotyping system for Y-chromosomal SNPs in the chimpanzee, we first used DHPLC-analysis followed by sequencing to screen for SNPs in introns of the PRKY and JARID1D genes in the unrelated chimpanzees. This analysis identified 23 previously unknown SNPs -including three single nucleotide insertion/deletion polymorphisms -14 of which were located in the PKRY gene and nine were in the JARID1D gene. The SNPs are distributed over two introns of PRKY and seven introns in JARID1D. Their exact genomic positions are defined by the minisequencing primers provided in Table S3 . Table 1 shows the SNPs, their allele frequencies and haplotype designations. Thirteen and eight different haplotypes were defined for the PRKY and JARID1D genes, respectively. In both genes, the SNPs defined one major haplotype, with a frequency of 0.57 in PRKY, and a frequency of 0.59 in JARID1D. Four of the haplotypes in the PRKY gene and one of the haplotypes in the JARID1D gene were found in a single individual only (f = 0.016). In addition to these SNPs, we included 19 Y-chromosmal SNPs previously described by Stone et al. (2002) in the Y-chromosomal SNP panel. The mitochondrial SNPs to be included in the panel for genotyping, identified by comparisons of published sequences, produced 45 SNPs with allele frequencies > 0.07 that were flanked by conserved sequences to allow primer design (Table S4 , Supplementary material).
Genotyping
Multiplex PCRs and tag-array minisequencing assays were designed for the initially selected SNP panel that Journal compilation © 2007 Blackwell Publishing Ltd 
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comprised 42 Y-chromosomal and 45 mitochondrial SNPs. The assays were successful for 9 Y-chromosomal SNPs in both DNA polarities and for 26 SNPs in one DNA polarity (see Table S3 ), so that a total of 35 SNPs could be typed. The main reason for assay failures was background noise preventing SNP genotype assignment, and these assays were discarded. Successful genotyping assays were established for 37 out of 45 of the mitochondrial SNPs. Figure 1 shows four scatter plots of the fluorescence signals measured from the microarrays used for calling genotypes. As can be seen, the clustered signals are clearly distinguished from background in negative water control reactions both for the Y-chromosomal and mitochondrial SNPs. The performance of the genotyping system was validated by genotyping the 35 functional Y-chromosomal SNPs and 37 mitochondrial SNPs in four chimpanzee individuals out of the 61 individuals originally used to identify the Y-chromosomal SNPs. All SNPs were typed successfully and all genotypes were correctly assigned.
Applicability of the microarray on a captive population
To test a possible application of the microarray in the management of captive chimpanzee populations, a large chimpanzee pedigree from a primate research centre was genotyped (Table 2 ). All males in the pedigree had the same Y-chromosomal haplotype formed by the major alleles of 33 of the SNPs and the minor alleles of PY11-2 (Table 1) and sY65 (defined by Stone et al. 2002) . The mitochondrial haplotypes followed correct maternal inheritance in the pedigree (Fig. 2) .
Applicability of the microarray on wild-living populations
The 72 SNPs implemented on the microarray were genotyped in 59 DNA samples from re-introduced wildliving chimpanzee populations from the Counkouati Reserve in Congo (Goossens et al. 2002) to demonstrate the value of its use in wild population studies and management. Taking into account the success rate requirement of Table 2 . All males in the pedigree had the same Y-chromosomal haplotype formed by the major alleles of 33 of the SNPs and the minor alleles of PY11-2 (Table 1 ) and sY65 (defined by Stone et al. 2002). genotype calling, all 37 mitochondrial SNPs and 28 of the Y-chromosomal SNPs fulfilled this requirement in 51 samples; eight samples were discarded because of poor genotyping success. The genotyping accuracy for the accepted genotypes was > 99.9% based on repeated genotyping of all samples and all SNPs in independent experiments.
Further statistical analysis was carried out for the three different marker types -D-loop sequences, mtDNA SNPs and Y-chromosomal SNPs -to study the wild-living chimpanzee population. Genetic diversity and haplotypic divergence (h and π) were higher for maternal lineages with the exception of the haplotypic divergence of mtDNA SNPs (Table 3) , indicating either a higher N e for female or variance in reproductive success in males. Tajima's D and Fu's F S values from neutrality tests were not statistically different from 0, indicating neutrality or population stability in light of demographic history. The exception, however, was a slight signal of expansion with mtDNA D-loop data when using Fu's test, which is sensitive to population expansion (Table 3) .
Genetic structure was estimated between chimpanzees from Kouilou, including the Conkouati Reserve, and the adjacent regions of L'Ekoumou, Niari and Cabinda (see Goossens et al. 2002) . For all three markers, F ST values were not significant and nearly all of the genetic variation was found within populations, indicating very limited genetic structure (Table 3) . Since little genetic differentiation was found for Y-chromosomal and mtDNA markers, one could infer that the chimpanzee sample belongs to a population characterized by high levels of gene flow. However, the Ychromosomal sample size is small -only 12 males were analysed (7 from Kouilou, 1 from Niari, 1 from DRC, and 3 from unknown origin), and sampling bias may therefore obscure the true demographic structure for male chromosomes in these populations.
The observed mismatch distributions are shown together with their expected shape under the sudden expansion model (Fig. 3) . For the mtDNA D-loop, the P values of SSDs and raggedness index were not significant, and the mismatch distribution was unimodal, indicating an expansion of the female population, and then a high effective population size. For the Y chromsome SNP data set, the bimodal mismatch distribution and the significant P values of the SSD and raggedness index seemed to reflect a more complex demographic history. However, for the mtDNA SNP data set, the results were ambiguous: test of the SSD did not suggest an expansion while the raggedness index (not different from 0) did not suggest a stationary population (Table S5 , Supplementary material). The number and polymorphism of the mitochondrial SNPs tested here may not be high enough to allow inference of a precise population history, unlike the highly variable mtDNA D-loop. 
Discussion
Genetic markers for population studies should ideally allow data acquisition of many loci scored in large population samples, and genotyping of these markers should be technically easy to perform with high reproducibility. Moreover, the possibility of applying these markers to noninvasively collected samples, which typically contain low amounts of degraded DNA, is crucial for wild population studies. SNP genotyping using tag-array minisequencing meets these demands, as SNPs are easily scored with high accuracy and allow the use of very short DNA fragments.
The minisequencing microarray system developed in this study included SNPs from Y-chromosomal intronic regions and mitochondrial genes, and thus allowed genotyping of both paternal and maternal lineages simultaneously in the same experiments. This is especially useful when analysing species in the wild that have different male and female behaviour patterns, since they may present sex differences in genetic structure (e.g. Hammond et al. 2006) . This information cannot be directly obtained simultaneous by other methods, such as genotyping microsatellites or sequencing nuclear genes. Moreover, as the SNPs in this study were from haploid genomic regions, the microarray did not suffer from the technical difficulties with scoring microsatellites, such as null alleles and allelic dropout, which may require many DNA-exhausting repetitive experiments for accurate results, especially when working with noninvasively collected samples.
The microarray developed in this study performed accurately in the analysis of a chimpanzee captive population in that it was possible to obtain the real pedigree of the population. This demonstrates the potential of this microarray system in captive population management since it allows pedigree reconstruction and paternity testing. Moreover, this tool could also give support to other captive areas, such as the design of breeding plans and the study of translocation programmes, for which the analysis of genetic variability is crucial.
Chimpanzees are primates with a classical multimale/ multifemale social system; males usually remain in the community of origin, while females disperse once they reach adulthood (Morin et al. 1994) . These sexual differences in the migration pattern should be reflected in a differentiation of the genetic structure between sexes in wild populations. We applied the microarray and carried out sequencing of the mitochondrial D-loop to study individuals from a re-introduced wild chimpanzee population. Results of the population structure and demographic history analyses were similar to the results obtained by Goossens et al. (2002) in the same samples using microsatellite markers. They found F ST values of 0.004 (P = 0.027, a significant if very small value), and inferred a high migration rate in these populations. Both mitochondrial DNA D-loop sequences Table 3 Genetic diversity, neutrality tests and analysis of molecular variance (amova) in the wild-living chimpanzee populations and mitochondrial gene SNPs corroborated these observations since lower differentiation for mitochondrial (female) markers than for microsatellites or Y-chromosomal DNA was detected, and females are known to be the migrating sex. However, we found a surprising lack of genetic structure for lineages belonging to males, which are philopatric in chimpanzees (Morin et al. 1994) , although this is possibly due to sampling bias. The high genetic diversity and population expansion pattern for mtDNA data compared to a small genetic diversity for Y-chromosome data may be due to a higher female than male effective population size, as found in Stone et al. (2002) , perhaps because of female-biased dispersal or, less likely, variance in reproductive success in males.
The microarray system was accurate for the captive population study. For the wild population study, however, the system presented some limitations. The sampling may not have allowed a thorough detection of male geographical subdivision using male specific genetic data because of the low number of male samples; this is a constraint that may be present when studying wild-living populations and cannot always be overcome. The SNPs analysed here are linked, and do not segregate independently, since mitochondrial DNA and Y chromosome do not recombine, thus this problem cannot be overcome by adding more SNPs. In order to improve the applicability of our microarray system on wild-living population studies, the system could be ameliorated by adding autosomal SNPs. It has been shown that, depending on allele frequency, 30-50 independently inherited autosomal SNPs should be sufficient for individual identification (Chakraborty et al. 1999) .
The lower success rate for the Y-chromosomal SNPs than the mitochondrial SNPs in hair samples is likely to be due to degradation of the DNA in the noninvasively collected samples. PCR fragment size is not as critical for the more abundant mitochondrial DNA. This limitation could perhaps be solved by re-designing some of the longer PCR fragments (> 200 bp) so that degraded DNA could be genotyped for all the SNPs.
The results of the wild population study show that this microarray may be a helpful complementary tool to microsatellites, as it provides complementary information about population structure and ecology. With the addition of autosomal SNPs to the SNPs from mitochondrial genes and Y chromosome introns, an enhanced microarray assay would permit the analyses of a population genetic variation in a wider range of DNA regions from the same experiments. The microarray technology therefore could replace microsatellite typing in the future and SNPs may become a marker of choice because of their many advantages. 
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